
MOLECULAR GENETICS OF AVIAN PROTEINS. IX. 
INTERSPECIFIC AND INTRASPECIFIC VARIATION OF EGG WHITE 

PROTEINS OF THE GENUS GALLUS 

C. M. ANN BAKER 

2, Bridge End, Berwick-upon-Tweed, England 

Received July 11, 1967 

egg white of the domestic fowl, Gallus gallus L., consists of at least ten 
T?ff erent proteins: ovalbumin, conalbumin, ovomucoid, ovoinhibitor, mucin, 
flavoprotein. avidin, and globulins G, (= lysozyme), G, and G,. In starch gel 
electrophoresis many of these are heterogeneous and four have genetically con- 
trolled polymorphisms, which are described below. (The electrophoretic patterns 
of many of the variants are in Figure 1 .) 

Ovalbumin (ou locus). Alleles ou A and ou B result in phenotypes A, B, and 
AB (LUSH 1961, 1964b). In the present paper, however, the variants are named 
with reference to their relative mobilities as the letter A is used in A,, A, and A, 
terminology for the sub-fractions of ovalbumin ( LONGSWORTH, CANNAN and MAC- 
INNES 1940; CANN 1949). Thus ovalbumin A = slow (S) and ovalbumin B = 
fast (F) . A recent preliminary communication suggests that the primary struc- 
ture of the fast and slow ovalbumins differs in a single peptide (WISEMAN and 
FOTHERGILL 1966). 

Other ovalbumin variants have been described. BAKER and MANWELL (1 962) 
found polymorphism which involves a more rapid migration of A, and A, and a 
lack of A, in one homozygote category (A3- -) ; the heterozygote (A?+ -) has less 
of the A, subfraction than the “normal” homozygote (A,++). CROIZIER (1966) 
has discovered yet another variant (ovalbumin Faverolles) which has subfrac- 
tions extra to those of the fast and slow variants. He also found it possible to clas- 
sify each of LUSH’S (1964b) ovalbumin phenotypes into two subtypes on the basis 
of quantitative differences in A,. As ovalbumin is a phosphoglycoprotein, it is 
possible that some or all of these additional ovalbumin variants represent differ- 
ences in enzymes involved in attaching or removing carbohydrate or phosphate 
moieties, rather than mutation at the ovalbumin locus per se. 

Conalbumin (Tf locus). There are at least four alleles at this locus: Tf” and 
Tfb (OGDEN, MORTON, GILMOUR and MCDERMID 1962); Tfc (CROIZIER 1966) 
which is probably the same as TfSJ-conalbumin Sam Jackson-of BAKER 
(1967) ; and TfR”-conalbumin Bill Wilkinson-mentioned in BAKER (1967) 
and discussed in more detail in the present paper. 

G2 globulin (G, locus). This locus has at least two alleles GZC and G2D (BAKER 
and MANWELL 1962). There may be a third allele in an American Sebright and 
the Red Jungle Fowl, the protein product of which is distinguished from G,” 
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FIGURE I.-Egg white polymorphism in G. gallus and G. sonnerd egg white subjected to 
rlectrophoresis in the discontinuous buffer system of FERCUSON and WAIL~CE (1961 ). The major 
egg white proteins visible in this gel photograph are described briefly here, starting with those 
at  the top of the photograph (anodal end of the gel) and working down: 1. The  heavily staining 
proteins a t  the top of the picture are ovalbumin. The  fastest ovalbumin zone is A, and the second 
heavy zone is A,. The slowest ovalbumin zone. A:!. varies greatly in amount in  the different 
samples. Sample No. 10 (counting from left to right) is a RA heterozygote (LUSH. 1964b); the 
others are all A homozygous. 2. Ovomucoid forms a diffuse. weakls staining zone. migrating 
more slowly than ovalbumin. 3. The small, sharp protein bands. approximately half-way up the 
photograph are  the G:, and G ,  globulins. Samples 1-5. IO, and 13-16 are homozygous GR.I; 
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under special conditions (BAKER 1964). G, (LONGSWORTH et al. 1940) corre- 
sponds to LUSH’S (1961, 1964a) unidentified “locus 111” and the “globulin A” 
of FEENEY, ABPLANALP, CLARY, EDWARDS and CLARK (1963) (BAKER and MAN- 
WELL 1962; BAKER 1964). 

G, globulin (G, locus). G,” and G,B are common alleles (BAKER and MANWELL 
1962). GaJ was first found in the Cornel1 flock of Red Jungle Fowl (BAKER 1964), 
and an electrophoretically similar protein has been found in the Marans breed 
(CROIZIER 1966). G, (LONGSWORTH et al. 1940) corresponds to LUSH’S (1961, 
1964a) “locus 11” (BAKER and MANWELL 1962). 

The existence of this genetic variation of egg white proteins in the chicken 
raises three questions: (1) Do other variants exist in domesticated and wild 
Gallus gallus? (2) What variants are there in other species of Gallus? (3) HOW 
do populations of Gallus gallus differ in the frequency of the variants and what 
bearing might this have on such problems as the evolution of the domestic fowl 
and the selection of poultry for special purposes? 

MATERIALS A N D  METHODS 

Terminology: The names and characteristics of breeds and varieties of chickens follow the 

Sources of eggs: The breeders who supplied eggs are listed in the acknowledgments. 
The main object of the study-to survey as many breeds as possible-was achieved by getting 

eggs from four fanciers, identified in this paper as I, 11, 111, and V, who keep a large number of 
different breeds. As fanciers often keep relatively few individuals of a given breed, the problem 
exists of obtaining a reasonable sample size for scarce varieties. This problem is reduced in some 
cases in that a number of breeds were obtained from several different sources, including two other 
breeders, IV and VI, who keep pure breeds for the production of commercial stock. Between these 
six enterprises it was possible to survey 37 different breeds; these are listed in Table 1. As some 
breeds are kept by more than one breeder, 62 distinct flocks are involved. In addition, the Maran 
breed was of such interest that eggs from three additional breeders, designated here VII, VIII, 
and IX. were examined. 

The identities of the fast ovalbumin (LUSH 1964.b) and conalbumin a (OGDEN et al. 1962) 
found in some flocks were checked by comparison with samples provided by MR. E. M. MCDERMID, 
then of Thornber Bros. 

The Gallus sonneruti eggs were provided by MR. F. E. B. JOHNSON. Stagsden, Bedford, and 
by the Paignton Zoological Gardens, Devon. 

Biochemical techniques: Vertical starch gel electrophoresis and other biochemical methods 
used in the study have been described in earlier papers, notably by BAKER and MANWELL (1962) 
and BAKER; MANWELL, LABISKY and HARPER (1 966). The identification of genetic polymorphism 
of conalbumin presents special difficulties arising from chemically induced heterogeneity and 
phenocopy (BAKER 1967). 

American Standard o’f Perfection (1 958.) and British Poultry Standards (1954). 

samples 6, 11 and 12 are homozygous G,B. Samples 1-5 and 14-16 are homozygous G 2 D ;  samples 
6 and 10-13 are heterozygous G,CG,D. Samples 7, 8 and 9, which have neither G2C nor G,D, are 
Gullus sonnerati. 4. The slowly migrating, heavily staining protein is conalbumin. All samples 
in this photograph have the “slow” conalbumin. Samples 10 and 14 are heterozygous for “slow” 
and “fast” conalbumin. Sample 6 is heterozygous for “slow” and “Sam Jackson“ conalbumin. 
Sample 7 is heterozygous for “slow” and “Bill Wilkinson” conalbumin. 5. The protein at the 
very b3ttom edge of the photograph is lysozyme; its electrophoretic variation can not be detected 
in this buffer. 
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RES U LT S 

1. New variants in Gallus gallus: Ovalbumin. A number of flocks have quanti- 
tative variation of ovalbumin. This can be seen in Figure 1; samples 1, 5, 6, 7, 8, 
9 and 15 have a very heavy A, zone; as the A, and A, zones are not diminished 
the high A, is unlikely to be the result of dephosphorylation (PERLMAN 1952; 
BAKER and MANWELL 1962). The effect is more one of doubling the A, of these 
samples; it has some resemblance to the variation reported by BAKER and MAN- 
WELL (1962) but does not resolve in the same way in barbiturate gels. This 
ovalbumin variation is not included in the tables: it is difficult to score some 
samples and the basis of the variation is obscure. Further biochemical character- 
ization and breeding experiments should make it possible to use the quantitative 
A, variation in population studies. 

Lysozyme (GI globulin) . This protein resolves best in acetate gels, pH 4.7 and 
pH 5.7 (BAKER and MANWELL 1967). Two out of over 100 eggs screened in one 
or both of these buffers had a second lysozyme band migrating more slowly to 
the cathode than the usual lysozyme band. Birds with this pattern are presumed 
to be heterozygous at the lysozyme locus in that: (a> lysozyme is a single poly- 
peptide chain and, thus, the heterozygote would be expected to have only the 
two zones (reviewed by JOHNSON 1966); ( b )  the two chicken lysozyme pheno- 
types parallel two of the three Coturnix lysozyme phenotypes, which are clearly 
a genetic polymorphism (BAKER and MANWELL 1967). The Gallus and Coturnix 
lysozyme polymorphisms differ slightly in that the Coturnix phenotype FS con- 
sists of two equal bands while in the corresponding Gallus phenotype, the F band 
is in higher concentration than the S band. 

It is suggested that the chicken lysozyme locus be denoted G, (LONGSWORTH 
et al. 1940) and that the alleles be designated GIF, which is the more common 
type, and GIS, so far observed only in one flock of Polish bantams. 

G, globulin. Some hens have a slightly different G," protein, here calledG,zL'. 
This migrates very slightly faster to the anode in Ferguson-Wallace gels (FERGU- 
SON and WALLACE 1961) and also slightly faster to the cathode in pH 4.7 acetate 
gels than the usual GaA. The possible heterozygote cannot be detected unequivo- 
cally. As all the globulin bands exhibit slight quantitative variation, it is almost 
impossible to tell a large spreading G, zone from the overlapping G," G,<"' pheno- 
type. There is also a possibility that G,*' may represent a chemical artefact, for 
chemically induced heterogeneity occurs in several egg white proteins (e.g., 
PERLMAN, 1952; BAKER 1967; BAKER and MANWELL 1967). So far, G,*' has 
been found most frequently in Marans; but G,*' is not included in the tables of 
variants in this paper for the reasons given above. 

During the present work, one Yokohama was found to have a protein electro- 
phoretically similar to G,J (BAKER 1964). The Yokohama G,' is not identical 
with the GqJ of CROIZIER (1966) (BAKER, MANWELL, CROIZIER and STRATIL, un- 
published data). It is not known if either of the G,J proteins is the same as the 
original GjJ (BAKER 1964). Therefore it is suggested that, for the present, the 
G,' nomenclature include the names of the breeds in which it occurs, e.g., Red 
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Jungle Fowl, Maran o r  Yokohama. If either the Maran or Yokohama GaJ is 
identical with the original GdJ, no protein has been found in the Red Jungle Fowl 
that does not occur in some domestic breed of chicken. The same result is found in 
studies on hemoglobin, esterases, serum proteins and yolk proteins (BAKER 1964). 

Two other rare variants have been found in a small flock of Old English Game 
bantams. One variant, G,J-B migrates slightly faster than GSB; the other variant, 
GaJ-B ', is slightly slower than GaB. In Ferguson-Wallace gels, pH 8, and acetate 
gels, pH 4.7, the two new proteins are distinct from G," and G,B and there is no 
overlap. 

TWO of the Old English Game bantams produce eggs with both the rare vari- 
ants as the sole G, proteins. A third bantam produces the rare variants and G,". 
This so far unique finding is not easy to explain. Chemical heterogeneity is 
difficult to exclude and, so far, no bird has been found which produces one of the 
new variants without the other. The birds are all in good health. It might be that 
the bird in question is trisomic for the part of the genome which determines the 
G, phenotype. The growing number of reports describing human subjects with 
trisomic cells indicates that such an hypothesis is not unreasonable. Also, partial 
and complete trisomy may be induced by viral infections (EVANS 1967). Until 
further information is available, the two new rare variants are omitted from the 
general consideration of G, phenotype frequencies. 

2. Egg white proteins of Gallus sonnerati: Samples from the three Gallus 
sonnerati eggs are in positions 7, 8 and 9 in Figure 1. The patterns differ from 
those of G. gallus egg whites in the globulin region. All three G. sonnerati have a 
band which migrates slightly faster than G,^ and a band with the mobility of 
GSB. Sample 9 also has a band which migrates in a position between those of 
G," and G,B. Gallus sonnerati has no protein at all in the region which corre- 
sponds to the G, zones of G. gallus. These differences are maintained in several 
buffers including pH 4.7 acetate. As far as the author knows the G. sonnerati 
globulin region pattern has not been observed in any eggs from G. gallus. 

One G. sonnerati (sample 7 in Figure 1) has an additional very slow conal- 
bumin band, conalbumin Bill Wilkinson (BAKER 1967). The faster conalbumin 
zone of this G. sonnerati, and the only conalbumin zone in the other two G. son- 
nerati, is electrophoretically identical to the most common conalbumin of G. 
gallus (conalbumin b) . The order of electrophoretic mobility in most alkaline 
gels is, from fastest to slowest: a, b, S.J., and B.W., in borate and Ferguson- 
Wallace buffers. The distance between a and b is the same as that between b and 
S.J.; however, this distance is greater than that between S.J. and B.W. When 
iron is added all the four Fe-conalbumins show the same relative increase in 
mobility. Thus, Fe-conalbumin B. W. migrates slightly faster than conalbumin 
S.J. without iron. These points are important in view of the variability in the 
iron contamination in the commercially available starch used in gel electro- 
phoresis. 

In "tris-EDTA-borate" gels the mobility difference between conalbumin S.J. 
and conalbumin B.W. disappears although the differences between conalbumins 
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a, b, and S.J. remain. In  pH 4.7 acetate gels it is only possible to distinguish 
between the various conalbumin phenotypes under favourable conditions. 

Studies in progress indicate that the conalbumin C of CROIZIER (1966), the 
conalbumin c (STRATIL, 1967 personal communication) , and conalbumin S.J. 
(BAKER 1967) are electrophoretically identical but that conalbumin B.W. is 
clearly different (BAKER, MANWELL, CROIZIER and STRATIL, unpublished data). 
Thus it could be that conalbumin B.W. represents another difference between 
G. sonnerati and the domestic fowl. 

3. The occurrence of egg white polymorphisms in diflerent populations of 
domestic fowl: The results of the survey are summarized by breed in Table 1, 
which also contains an indication of the origins of the breeds. Native countries 
or regions are abbreviated to capital letters. Heavy type denotes what breeders 
call a “natural” breed, which has evolved from the indigenous barnyard fowl of 
a district. Italics are used for the homelands of synthesized (“artificial” ) breeds. 
When there is a record that a native breed has been altered by crosses, the crosses 
are listed in parentheses. Synthesized breeds have the ancestral breeds listed 
without parentheses. The information in the last column of Table 1, and in other 
parts of this paper concerning breed origins, is from ATKINSON (1924), British 
Poultry Standards (1954), BROWN (1 929), DARWIN ( 1875) , LEWER (not dated) , 
and WEIR (1902). 

The history of domestic breeds will not be discussed in detail in the present 
paper but three points must be emphasized: 1. Synthesized breeds may have been 
originated by several breeders, not all of whom used identical crosses. 2. Altera- 
tions to natural breeds were not made to all flocks; individual breeders “im- 
proved” their stock with various breeds thought to have desirable qualities. 3.  
Varieties of breeds were formed by crossing to introduce different colour patterns. 
The amount of crossbreeding between varieties ranges from regular interbreed- 
ing (e.g., between some of the thirty-odd color varieties of Old English Game), 
through occasional crossing, to no crossing at all. 

Thus, within a breed, all varieties and all strains within varieties do not neces- 
sarily come from the same sources. However, the varieties available from each 
breed are not listed separately at this stage. Although differences between varie- 
ties exist, many involve small numbers of birds or are no bigger than differences 
between flocks within a variety. For the same reasons bantams which correspond 
to large breeds have been considered as varieties of these breeds (see British 
Poultry Standards, 1954, pp. 209-21 0 for the distinction between “true bantams,” 
listed separately in Table 1, and “bantamized varieties.”). 

Twenty-six of the 37 breeds were found to be polymorphic at one or more 
egg-white loci. The polymorphic breeds are listed in Table 2 under the headings 
of the number of various loci: The findings of other authors are included for 
comparison. The latter emphasize the point, mentioned in the previous paragraph, 
that differences occur between populations within breeds. 

Variation between flocks within three breeds is summarized in Table 3. 
The possibility exists that where several breeds are kept on a single holding 
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TABLE 2 

Summary of breeds polymorphic at one or more egg white loci 

~. 
Genetic loci Breeds References 

Single locus 
ou 
G, 

GI 

Ou + G, 

G,  f G,  

Two loci 

Three loci 
Ou + G ,  + G, 

Hamburgh, Houdan, Leghorn, Malay 
“Jungle Fowl” 
Columbian 
Red Jungle Fowl 
Bresse 
Faverolle, Japanese, Minorca, Rumpless, 

Leghorn 
Silkie 
Leghorn 
Naked Neck 
Polish 

Silkie, Yokohama 

Leghorn 
Pekin 
Rhode Island Red 
Leghorn, New Hampshire 
Langshan 
Leghorn, New Hampshire 
Andalusia% Australorp, Barnevelder, 

Campine, Cochin, Welsummer, 
Wyandotte 

Leghorn 
Faverolle, GBtinaise 
North Holland Blue 
Old English Game 
Light Sussex 
Light Sussex 
Wyandotte 
Light Sussex 

Maran 
Maran, Sumatra Game 

This paper 
Lush 1961 
Baker and Manwell 1962 
Baker 1964 
Croizier 1966 
This paper 

Feeney et al. 1963 
Baker 1964 
Croizier 1966 
This paper 
This paper 

Buvanendran 1964 
This paper 
Lush 1961 
Baker and Manwell 1962 
Croizier 1966 
Poder and Pave1 1966 
This paper 

Lush 1961 
Croizier 1966 
This paper 
This paper 
Morton et al. 1965 
Lush 1964a 
Croizier 1966 
This paper 

Croizier 1966 
This paper 

the genetic differences between them might be reduced by crossing or by selection. 
This does not appear to be the case in the present study, even when the numbers 
of any one breed are small. Table 4 gives the phenotype frequencies for five 
breeds kept on one of the two commercial farms sampled in this study. The 
Maran and North Holland Blue which are very similar morphologically and 
which have a common ancestry, are also similar in their protein types and fre- 
quencies. The Barnevelder and its descendent, the Welsummer are also biochem- 
ically similar to each other but differ from the Maran and North Holland Blue 
breeds. The Light Sussex is distinct from all four other breeds, in origin and in 
egg white protein frequencies. Thus, in this case the similarity between flocks is 
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more a function of origin than of conscious selection by a singie commercial 
operation. This conclusion is reinforced by comparing the genotype frequencies 
of the two Australorp flocks in Table 3.  These belong to the same breeder but are 
kept as separate breeding units. 

DISCUSSION 

The ancestry of the domestic fowl: These studies extend previous investigations 
(BAKER 1964) indicating the great protein similarity between the Red Jungle 
Fowl and the domestic fowl. In fact, the one unique Red Jungle Fowl egg protein, 
GSJ, may be the same as the GSJ found in some Marans by CROIZIER (1966) or 
the GSJ found in a Yokohama (present paper). In that event the only reported 
electrophoretic protein difference between wild and domestic Gallus gallus is 
eliminated. 

There has been considerable disagreement as to whether G. gallus was the sole 
progenitor of the domestic fowl or  whether one or more of the other species of 
Gallus were involved (e.g., DARWIN, 1875; LOTSY and KUIPER 1922-1924; GHIGI 
1922, 1927; BEEBE 1927; DELACOUR 1964). It is known that G. gallus and G. 
sonnerati hybridize in captivity and in the wild and that their hybrids are fertile 
(see GRAY 1958). Furthermore, LOTSY and KUIPER (1924) noted that G. sonnerati 
characteristics were not marked in the F,, F, and F, generations descended from 
crosses between G. gallus and G. sonnerati. Thus, it is probable that any G. son- 
nerati ancestors of the domestic fowl would be difficult to trace by morphological 
characteristics. That starch gel electrophoresis is sufficiently accurate to detect 
hybridization and genetic introgression has been established ( MANWELL, BAKER 
and CHILDERS 1963). 

In this context the G,B protein and the electrophoretically similar G. sonnerati 
protein are of interest. If they are identical it will be necessary to consider further 
the higher frequency of GSB in some breeds. Several of these also lay brown eggs, 
a characteristic occurring in G. sonnerati but not in G. gallus (DELACOUR 1964, 
pp. 109,117). G,B is very rare in G. gallus (BAKER 1964). 

At present, however, the data support G. gallus as the main ancestor of the 
domestic fowl. The G, globulin difference between G. gallus and G. sonnerati is 
at present complete; well over a thousand G. gallus eggs have been screened by 
various workers without revealing a single bird lacking both GZC and GZD, whereas 
none of the three G. sonnerati has either of these proteins. This difference is as 
great as or greater than the differences between the egg white proteins of such 
species pairs as Phasianus versicolor and P. colchicus (BAKER et al. 1966) and 
Chrysolophus pictus and C. amherstiae (BAKER 1965). 

The breeds of the domestic fowl: In the present study related breeds were found 
to resemble each other in the occurrence of egg white protein variants (Tables 1, 
3).  In  addition, certain other trends were observed. 

G,B seems to be associated with Asiatic breeds and breeds known to have Asiatic 
stock in their make-up. This observation is supported by the results of other stu- 
dies (LUSH 1961; BAKER and MANWELL 1962; BAKER 1964; CROIZIER 1966; 
PODER and PAVEL 1966). There are also exceptions: a few Asiatic breeds have 
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high frequencies of G34. In the case of the Frizzle and the Japanese, the distin- 
guishing features of each breed are qualitative. As the genes involved are known 
to have occurred more than once (e.g., HADORN 1961) it is possible that the flocks 
examined are not really Asiatic in origin. It is unlikely that this explanation 
applies to the Malay or the Pekin. In their case (and also in that of the Frizzle 
and the Japanese) it could be that the small flocks available are not typical of 
the whole breed. Loss of GSB by random fixation is, of course. more likely to take 
place in the unusual fancy breeds which are maintained in very small breeding 
populations. 

Another exception is the Sebright. Only two eggs have been available but both 
the American bird (BAKER 1964) and the English bird are homozygous for GIR.  
The Sebright was bred from English stock around 1800, before the importation 
of Asiatic breeds is recorded (e.g., DARWIN 1875, p. 29 of Vol. 11). Furthermore, 
most fanciers believe that individual strains of Sebright should be inbred as 
closely as possible, which suggests that “improvement” by crossing with other 
breeds is unlikely. 

The comment of LUSH (1966) that GJB occurs always less than fifty percent 
in the gene frequency is not only contradicted by data in Table 1 of the present 
paper, but also by data on Rhode Island Reds in LUSH (1961 ) and on New Hamp- 
shires in BAKER and MANWELL ( 1962). 

Many of the native English breeds and varieties are homozygous for G,I: Old 
English Game, Hamburgh, Redcap, Dorking and Buff Sussex. With the exception 
of Old English Game these birds are also homozygous for  GSD. A similar pattern 
was found in most of the indigenous Northern European breeds examined and 
the Breda, Houdan, Lakenvelder and Polish are also homozygous G,I and G,”. 
So are some of the less “improved” Mediterranean breeds and varieties such as 
the Fayoumi (BAKER 1964) and the Black Leghorn. 

Many breeds with the Fast ovalbumin variant have very mixed ancestry. An 
exception is the Old English Game, but the author has found no evidence to sug- 
gest that this breed is the main source of the Fast ovalbumin in other breeds. The 
distribution of the ovalbumin polymorphism could be the result of independent 
occurrence of the Fast variant in a number of populations. A parallel ovalbumin 
polymorphism has been found recently in some populations of Phasianus colchi- 
cus (BAKER and MANWELL, unpublished data) which suggests that phenotyp- 
ically similar mutations of the ovalbumin locus have occurred more than once. 

The conalbumin a gene has been found in Light Sussex, Old English Game, 
Sumatra Game and Wyandottes (BAKER 1967 and this paper; CROIZIER 1966). 
The Old English Game contributed to some strains of Brown Sussex but the author 
has not found any record of a connection between the Old English Game, Light 
Sussex and Wyandotte. The Old English Game and the Sumatra Game could be 
related by some Aseel crosses (Mr. W. WILKINSON, personal communication). 
Another possibility is that multiplication of small imported flocks of Sumatra 
Game could have included top-crossing onto English fowl with similar character- 
istics, i.e., Old English Game. 

All the published data concerning conalbumin S.J. refer to the Maran breed 
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( CROIZIER 1966; BAKER 1967 and this paper). However, an electrophoretically 
identical conalbumin has been found in native Indian barnyard fowl (BAKER, 
MANWELL, JAYAPRAKASH and FRANCIS, unpublished data). The finding may be 
significant as DR. A. STRATIL (personal communication) found his conalbumin 
c in White Cornish. This breed originated from crosses involving the Aseel, an 
Indian breed (see Table 1 under Indian Game). It has not yet been possible to 
find pure Aseels; the breed is very difficult to propagate. 

The possible significance of the egg white protein polymorphisms: The breeds 
surveyed were developed for different economic characteristics, namely, broodi- 
ness, egg production, fighting ability and meat production. There is no obvious 
connection between any of these traits and the egg white polymorphisms. How- 
ever, many of the breeds with high frequencies of GJB are plump and placid; it 
would be useful to know if, within breeds generally considered to be nervous, 
the flocks with higher G,B frequencies were the more docile. 

It has been suggested that variation of egg white proteins may influence hatch- 
ability, possibly because of maternal-offspring incompatability ( MORTON, GIL- 
MOUR, MCDERMID and OGDEN 1965; BAKER and MANWELL 1967). Such incom- 
patability could be more critical when other detrimental genetic factors are 
present. 

Apart from these indications, there is no evidence that either monomorphism 
or polymorphism of egg white proteins confers any obvious advantage. Yet it 
cannot be without some significance that three of the most successful pure breeds 
-Light Sussex, Maran and Old English Game-are polymorphic at a minimum 
of three egg white loci. Of the six small flocks of Old English Game (Table 1 ) , 
one flock has been closed for over 70 years and another for 48 years-and both 
have polymorphism of egg white proteins. These findings agree with the data of 
LUSH (1961), lwho found egg white .polymorphism in flocks with coefficients of 
inbreeding ranging from 0.31 to 0.9255. It is also significant that many of the 
synthesized breeds are still polymorphic at the egg white loci, even after many 
years of selection which would be expected to eliminate or reduce unfavourable 
phenotypes. 

It is concluded that, assuming equilibrium, the egg white protein polymorph- 
isms convey an advantage to some flocks of poultry. The advantage is not SO 

strong as to show up in a departure from Hardy-Weinberg equilibrium; nor is 
there a clear correlation between any egg white protein variant and a particular 
commercial characteristic, although certain commercially successful breeds (e.g., 
Maran and Light Sussex) have polymorphism at several loci and with relatively 
high gene Irequencies of the different variants. 
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SUMMARY 

Twenty-four out of 37 breeds of domestic fowl are polymorphic for egg pro- 
teins; five different proteins are involved. Many of the egg proteins of Gallus 
sonnerati are electrophoretically identical to those of G. gallus; however, whereas 
either G,” globulin or GAD are present in all chickens and Red Jungle Fowl ex- 
amined, neither is present in G. sonnerati. The data support the opinion that the 
Red Jungle Fowl is the main progenitor of the domestic fowl-Discrete variation 
of chicken egg white lysozyme and an ususual G, globulin variant are described 
for the first time.-The GdB allele is associated to some extent with Asiatic 
ancestry. Many of the “purer” breeds native to England, Northern Europe and 
the Mediterranean are monomorphic for G,’ and (except Old English Game) 
G,”.-Neither monomorphism nor polymorphism of egg white proteins was 
found to confer an obvious advantage, although the presence of extensive poly- 
morphism with relatively high gene frequencies for the variants in some com- 
mercial breeds, and in some long isolated flocks with small breeding numbers, is 
suggestive that polymorphism of egg white proteins can convey a selective ad- 
vantage to certain flocks. 
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